Many types of preconcentration methods have been proposed for analysis of trace amounts of metal ions. These methods are classified into two types. One is based on the solvent extraction, while the other is based on the solid-liquid interaction. The concentrated materials are usually determined after separation by chromatography. Recently, a method termed solid phase extractions1'2 (which is based on solid-liquid interactions) has been developed as a technique for preconcentrations or extractions. Different types of solid phase were used, dependent on the characteristics of the materials to be analyzed. However, the sample extracted on the solid phase quite often requires re-extraction into the liquid phase because the characteristics of the solid sometimes interfere in the subsequent analysis.
Photoacoustic spectrometry is advantageous for the determination of such samples adsorbed on the solid phase. We tried to analyze for cobalt ion quantitatively by the combination of photoacoustic spectrometry and solid phase extraction.
Experimental

Materials and method
Standard solution of cobalt (1000 ppm) was purchased from Wako Chemical Co. Several concentrations of cobalt ion were made by dilution of the standard solution. A phosphate buffer (0.1 M) was washed with chloroform solution of PAN. Other reagents used were of reagent grade. TLC plates used were Whatman MK-6F TLC plates (26X76 mm).
Photoacoustic apparatus
A He-Ne laser (Hughes Aircraft Co. Model 3225 H-PC, 5 mW) was used as a light source. The laser beam was chopped by a mechanical chopper to modulate the beam at 30 Hz. The chopped beam was expanded by a lens (P 10 mm) to illuminate a 10 mm diameter of the sample surface. Figure 1 shows the photoacoustic cell used. The entire cell unit was constructed in our laboratory. An electret-condenser microphone (Nippon Chemicon, Model EPM10B) mounted on a brass pipe was connected to the cell body. This connection was sealed using three 0-rings. The cell window (35 mm in diameter) was attached to the cell body with an epoxy sticking agent. The sample (cut into 1.25 cm squares) was mounted on the sample holder (20 mm in diameter) which was sealed with three 0-rings to the cell body. The cell volume was about 1.0 ml. The photoacoustic signal was amplified by a preamplifier (40 dB) and then the output of the amplifier was led into a lock-in amplifier (NF circuit block, Model 5600).
Results and Discussion
Cobalt-PAN complex formed in the aqueous solution of pH 5.6 -6.7 in the presence of 0.05 -0. was developed on a silica-gel TLC plate. By using the mobile phase containing dichloromethane, methanol and acetic acid, the extract was separated into the constituent PAN complex.4 After the development, the cobalt-PAN complex was usually located near the origin. If the TLC plate was previously treated with PAN, some complexes which were developed near the origin on the TLC plate, would form an insoluble PAN complex and simultaneously adsorb on the silica-gel layer. We found that cobalt ion could be adsorbed as a PAN complex on the TLC plate. The method to adsorb cobalt ion as a PAN complex is shown in Fig. 2 . The pretreatment with acetylacetone significantly decreased background signal intensity. An ethanol solution of 5X104 M PAN was developed on the TLC plate until ethanol reached to the top of the plate. The stationary phase adsorbed by PAN was found half-way from the bottom end. These plates were dried for 15 min at room temperature. A 50 ml portion of sample solution containing cobalt ion was taken to a 100 ml beaker, then 3 M KBr solution and 0.1 M, phosphate buffer (pH 6.0) were added to the solution to the final concentrations of 0.05 M and 2 mM, respectively. A TLC plate treated with PAN was immersed into the sample solution from the bottom end. Half the TLC plate was in the sample solution.
In order to concentrate cobalt ion on the TLC plate, the solution was stirred. Figure 3 shows the relationship between the stirring time of the solution of cobalt ion (40 and 500 ppb) and the photoacoustic signalintensity. When a solution of 40 ppb cobalt ion was adsorbed, the photoacoustic signal kept a constant signal intensity over 12 h. A solution containing 500 ppb cobalt ion requires a long period for the complete adsorption.
The volume of the silica gel which is treated with PAN is about 0.15 cm3. Cobalt ions in a 50 ml sample solution are concentrated on the small volume of silica gel from the solution by the factor of about 330.
In order to estimate a saturated adsorption level of cobalt ion on the TLC plate, TLC plates were dipped into 50 ml of solutions containing 2 ppm cobalt ion and then the solutions were stirred for over 24 h at room temperature. Because the amount of cobalt ion in the solution was much greater than the PAN on the TLC plate, an excess amount of cobalt ion was found in the solution after the extraction of cobalt ion on the plate. By the determination of the amount of the residual cobalt ion in the solution, the amount of cobalt ion adsorbed on the TLC plate, which was thought of as the saturated absorption level, was determined. Table 1 shows the results of the saturated adsorption amount of cobalt ion on the TLC plate. To the residual solution was added 5 ml of 5X10-4 M PAN and then cobalt-PAN complex was extracted into 5 ml of chloroform. The chloroform extract was developed on TLC plates. The cobalt-PAN complex developed on the TLC plate was then determined by a photoacoustic densitometer (which was previously described5). The amount of cobalt adsorbed on the TLC plate was about 6.90±0.30 µg/ cm2. The value corresponds to 1.04 ppm cobalt in a 50 ml solution.
The calibration curve for the concentration of cobalt ion vs. the photoacoustic intensity is shown in Fig. 4 . A linear relationship between the concentration of cobalt and the photoacoustic intensity was obtained in the range 1-20 ppb. Over the concentration of 40 ppb, the signal shows saturation. When chopping frequency was increased over 100 Hz, the same saturation was observed over the concentration of 40 ppb. The saturation of the signal would be caused by the duration of the stirring time. However, the exact explanation as to the saturation is not clear. Reproducibility of measurements for cobalt ion (in the range 1-40 ppb) was in the range 7.1-27.1% (RSD). The relatively large RSD would be due to the non-uniformity of adsorption of cobalt-PAN complex on the TLC plates used. photo-
